Abstract We performed metrical studies of the mandibular crown components of molar teeth in Japanese. Materials used were 140 dental plaster casts (75 males and 65 females). The mandibular first and second molars (M1 and M2) were measured using sliding calipers. Sex differences were greater in the talonid dimensions than in the trigonid dimensions, and were greater in M2 than in M1. Those of the molar reduction were also noted in the talonid dimensions. Although the trigonid mesio distaldiameter was significantly larger in M2 than in M1 (P<0.01), the talonid dimensions were significantly larger in M1 than in M2 (P<0.01). The variability of the crown dimensions was higher in M2 than in M1, especially in the talonid di mensions.This result related to the fact that the talonid developed later than the trigonid in both ontogeny and phylogeny. Allometric relationships between the trig onidor talonid component to total crown size showed that males had negative al lometryin the trigonid and positive allometry in the talonid, while females showed isometry in both crown components. These results indicated that the talonid was more variable under the influence of the total size variation, and related to sex dif ference in tooth size.
Introduction
The crown of a mammalian mandibular molar is composed of two components; the trigonid component (the mesial half) and the talonid component (the distal half). Butler (1939) was first to apply the concept of biological fields to dentitions in an attempt to explain the close similarities of adjacent teeth. He suggested that there was an observable mesiodistal gradation of form along the dental arch. Since the mesiodistal gradation of form is quantitative rather than qualitative, the gradation in a molar tooth series thought to occur as the result of the quantitative change of the trigonid and talonid components (Kondo et al.,1999a,b) .
There are a few publications on the metrical variability of these components. Ya mada (1992a,b) has reported the metrical variability of the mesiodistal diameters for these components in a Japanese population, and showed that the mesiodistal crown diameter and the talonid mesiodistal diameter were larger on the average in the 5-cusped molars than those in the 4-cusped, but there were no clear differences in these measurements according to the groove patterns. Meanwhile the metrical variability of the buccolingual diameters was not mentioned. The metrical relationships of these crown components between first and second molars were not clear yet, either. Kondo et al. (1999a) reported the sizes of crown components of the mandibular molars in the southern group of Cook Islanders. They showed that the variability in the crown components related to their developmental timing.
The aim of this study was to investigate the sexual dimorphism and the differences between first and second molars in these crown components of the mandibular mo larsin a Japanese population using an odontometrical approach.
Materials and Methods
We examined 140 dental plaster casts taken from 75 males and 65 females who were students of Showa University School of Dentistry (Tokyo, Japan). These sub jectswere from 19 to 25 years old.
Mandibular first and second molars (M1 and M2) were measured to the nearest 0.05mm using sliding calipers. Measurements taken of the tooth crown ( Fig. 1) were the following: the mesiodistal and buccolingual crown diameters (MD and BL) (Fujita, 1949) , mesiodistal diameters of the trigonid (TRMD) and the talonid (TLMD) (Ya mada,1992a) , and buccolingual diameters of the trigonid (TRBL) and the talonid (TLBL) . These measurements were taken irrespective of the cusp number and groove pattern. As a rule, the measurements were taken on the teeth of the right side. When a tooth on the right side could not be measured because of absence, abnormality, heavy wear, or other reasons, the corresponding tooth on the left side of the arch was measured.
In the present study the measurement errors were analyzed by a procedure in which double determination measurements were made on separate occasions for 20 sub jectsselected at random. Differences between first and second determinations were analyzed by computing the standard deviation of a single determination using meth odof Dahlberg (1940) . The measurement errors ranged from 0.04mm to 0.11mm (Table 1) . These values were extremely small in magnitude compared with the mean values and comparable with the errors of 0.11mm and 0.13mm reported by Yamada (1992a) . Thus the errors thought to give no effect for the statistical analysis.
The following crown areas and indices were calculated from the raw measurement values: Reduction index Table 4 shows the reduction indices of the crown components. In general, the crown reduction was greater in the talonid than in the trigonid and was greater in the MD diameter than in the BL diameter. The TRMD and TRA were not reduced in M2 compared with those of M1, because the reduction indices were larger than 100. Sex differences in the reduction indices were significant in the talonid dimensions and total crown area.
Coefficient of variation
The crown dimensions tended to be more variable in M2 than in M1 (Tables 2 and  3 ). Particularly, the talonid dimensions showed fairly larger coefficients of variation (11.61% in TLMD of males). Coefficients of variation showed that males varied more than females in size and area dimensions. Fig. 2 shows the mean values and the 95% confidence ranges of the crown compo nentareas. This figure summarizes the size variability of the two crown components. Sex differences were greater in the talonid than in the trigonid, and were noted in M2. Males varied more than females; the 95% confidence region for the bivariate means in males almost included those in females. The differences between M1 and M2 were also evident in the talonid. Table 5 shows correlation coefficients and slopes for the linear fitting of the loga rithmicallytransformed areas in which 95% confidence intervals for the slope were obtained. Correlation coefficients ranged from 0.673 to 0.922 (P<0.01). They seemed to be higher in M1 than in M2. Males showed negative allometry in the TRA, but positive allometry in the TLA (P<0.05), while females showed isometry in both the Table 5 . Correlation coefficients and regression slopes of log crown component areas versus log total crown area -: negative allometry , 0: isometry, +: positive allometry TRA and TLA. These results indicated that the talonid was more variable under the influence of the total size variation.
Allometry of crown area

Discussion
Although previous studies showed that M1 had significantly larger MD and BL than M2, the crown component is not always larger in M1 than in M2 (Yamada, 1992a,b; Kondo et al., , 1999a . Yamada (1992a) reported that the TRMD was significantly larger in M2 than in M1, while the TLMD was significantly larger in M1 than in M2 in Japanese samples. These results were consistent with this study. In mandibular molar series, studies of the Cook Islanders and Australian Aborigines showed that the trigonid was slightly larger in M2 than in M1, but the difference was not significant. And they showed that the talonid was significantly larger in M1 than in M2. (Kondo et al.,1999a,b) .
Comparison between coefficients of variation showed that M2 was more varied than M1 in size, especially in the talonid dimensions. This result seems to relate to the schedule of tooth development; M1 develops earlier than M2, and the trigonid is the first part of the crown to differentiate in both ontogeny (Kraus and Jordan, 1965) and phylogeny (Osborn, 1907) . Gingerich (1974) noted an association between early crown formation and low morphological variability in Ml. Corruccini (1979) report edcusp-size variability in hominoid primates and concluded that the progression of increasing variability corresponded closely to the order of calcification of the cusps. The ontogenetic hypothesis could be also applied to the variability of the crown components. Kondo et al. (1999a,b) also showed that the later-formed talonid was more varied than the early-formed talonid. Thus, the results of the present study could be explained by the ontogenetic hypothesis.
This study revealed that males had positive allometry in the talonid, but negative allometry in the trigonid. These two contrasting allometric trends in trigonid and talonid components were found in the study of Kanazawa et al. (1985) , which ana lyzedallometrical variation of the cuspal area in M1. They found that Japanese males had positive allometry in hypoconulid but negative allometry in protoconid and meta conid,and this trend was also found in both sexes of Australian Aborigines. On the other hand, we found that females had isometry in both talonid and trigonid compo nents. Kanazawa et al. (1985) described that Japanese females had positive allome tryonly in hypoconulid, and the other cusps showed isometry. Although their results partially coincided with ours, they showed that hypoconulid had positive allometry as males. They concluded that the allometric variation of M1 was more distinctive in the population that had large teeth. They analyzed each cuspal area, while we ana lyzedcrown components. Although there was a difference in the method between two surveys, similar results were found. There is a discrepancy in the allometric relationships of crown components between sexes, and this finding may relate to sexual dimorphism in tooth size. Table 6 . Percentage of sexual dimorphism of the permanent teeth in Japanese (%) 
